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In 1928 Simms (1928 a and b) described some experiments upon the 
anomalous effect of MgCI~ upon the dissociation constants of some 
organic acids.  Subsequently (1928 c), he reported the results of the 
addition  of  sodium  and  potassium  salts  upon  mixtures  containing 
MgCI~ and oxalate buffers.  He believed that his results showed an 
antagonism between Na (or K) ion and  Mg ion similar  to the well 
known physiological antagonism between Na and Ca ions. 
It has since been shown (Carman and Kibrick (1938), Davies (1938), 
Greenwald (1938 a),  Kilde (1936),  MacDougall and Larson  (t937), 
Money and Davies (1932))  that the salts of many organic acids with 
calcium and other divalent metals are only partially dissociated in 
solution.  Examination of Simms' data for the action of MgCI~ upon 
sodium oxalate, malonate, and aminoacetate showed that  the effect 
observed is quite readily explicable in terms of the hypothesis of the 
formation  of  slightly  dissociated  complexes  (Greenwald  (1938 b)). 
It seemed that those results that appeared to show an antagonism 
of ions might be due merely to the effect of the added NaCI in in- 
creasing the ionic strength of the solution and thus  increasing the 
dissociation of the complex. 
In this paper, we intend to discuss only the results with mixtures 
containing oxalate, MgCI~, and NaC1.  We are neglecting the results 
obtained with sulfate  (Simms  (1928 c))  because it is  impossible to 
calculate  the  extent  of  formation  of  undissociated  MgSO4.  The 
experiments with KC1 are similarly neglected because only low con- 
centrations of oxalate and Mg were employed, with only small effects 
upon the pH, and, also, because the dissociation constants of oxalic 
acid were determined in NaC1 solution and may well be different in 
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KC1  solution.  (See Harned and Robinson (1928)  and Harned and 
Owen (1930) for similar effects in the case of acetic and formic acids.) 
As was shown in a previous paper (Greenwald (1938 b)), the forma- 
tion of an undissociated complex must result in a decrease in the pH, 
so that to bring an oxalate buffer solution containing MgCI2 to the 
same pH as one of the same ionic strength, but containing no Mg  ++ 
or other divalent cation,  would require more base.  The following 
relation obtains 
B' ffi  b' (I -- MgOx) -{-  2MgOx  (I) 
in which B' =  corrected equivalents of base at given pH in presence 
of MgCl~ 
b  r =  corrected equivalents of base at given pH in absencc 
of MgC12 but same ionic strength. 
MgOx  =  equivalents of undissociated complex. 
Therefore, 
B' -  b' 
MgOx =  2  -- b  "----~  (2) 
B' was taken from Simms' data and b' was calculated from the equa- 
tion 
(H  +) Kl  2K1 K2  b'ffi  "b 
(H+)  2 +  (H  +) K1 +  KI K2  (H+)  ~ +  (H  +) K~ +  KI K~ 
Kz  and  K2  were  taken,  directly  or  by  extrapolation,  from  the 
data given by Simms.  The ionic strengths were then recalculated, 
using the multiplier, 3.6, introduced by Simms (1928 a) for the oxalate 
ion.  If the formation of the complex had resulted in an appreciable 
change in ionic strength, the calculation was repeated, using the values 
given by Simms for K1 and K2 at the new ionic strengths. 
In solutions of low pH, as Cannan and Kibrick have shown, it is 
necessary  to  take  into  account  the formation of  MgOxH  +.  They 
calculated the value of the negative logarithm of the hydrogen dis- 
sociation of this complex to be approximately 1.8, at # =  0.2 or ~//~ = 
0.45.  Since both the numerator and the denominator of the formula 
(H +) (MgOx) 
contain the concentration of a  univalent cation,  the 
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value of K  is not  likely  to  be greatly affected by a  change  in  ionic 
strength.  Assuming that pK is approximately 1.8 even up to #  =  1.0, 
(MgOx) 
we  may  write  pH  =  pK  +  log  (MgOxH+)  or  pH  -  pK  =  log 
(MgOx) 
from which the value of (MgOxH+), in terms of (MgOx), 
(MgOxH+) 
may readily  be calculated. 
TABLE  I 
(Mg +  +) (Ox-) 
Values for K  (MgOx)  10  s Calculated  from Simms'  Table HI.  Oxalate 
Concentration  =  0.01026 M 
Mg ~  0.00417 u" 
pH  I*  2t  3t  ~" 
3.746 
3.730 
3.686 
3.681 
3.587 
3.534 
3.433 
3.379 
3.323 
3.5 
4.7 
3.9 
5.8 
5.2 
8.1 
8.4 
11.8 
24.1 
3.0 
4.2 
3.5 
5.5 
4.7 
0.154 
0.194 
0.222 
0.276 
0.388 
0.526 
0.726 
0.882 
1.015 
Mg ~  0.0167 M 
3.284  3.5  [  3.3  0.232 
3.248  11.8  ]  0.748 
Mg m  0.0417 w 
2.972  4.3  [  4.0  3.6  0.353 
2.947  13.5  [  12.0  1.06 
Mg m  0.0833 K 
2.764  5.1  4.9  3.9  0.495 
2.808  10.8  11.2  9.6  0.866 
2.776  11.4  8.9  1.00 
* First approximation. 
t After correcting for change in %/#. 
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Substituting  the value for (MgOxH  +)  thus found in  the equation 
B' -- b' (1 -- MgOx -- MgOxH  +) +  2MgOx +  MgOxH  +  (3) 
we may calculate a revised value for Mg0x.  This was done in all the 
selected  cases in which the observed pH was  below  3.0;  that  is,  in 
those in which the amount of MgOxH  + was  at least  1/13th of that 
of MgOx. 
TABLE  II 
(Mg++)(Ox  =) 
Values for  K  =  (MgOx)  l  108  Calculated  from  Simms'  Table  V.  Oxalate 
Concentraion  =  0.00513  M 
Mg  ~  0.00167  xr 
pE 
3.852 
3.906 
3.901 
3.895 
3.883 
3.824 
3.808 
3.790 
3.752 
1.  2t 
1.5  1.1 
3.7  2.7 
4.1  2.9 
4.1 
4,1 
3.3 
6.7 
6.6 
6.7 
0.105 
0.120 
0.131 
0.142 
0.150 
0.193 
0.250 
0.296 
0.336 
Mg  ffi 0.00333 M 
3.801  3.6  ]  1.9  0.121 
3.717  6.7  I  0.302 
Mg ffi 020833 K 
3.485  I  2.7  ]  2.3  0.165 
3.531  7.9  0.359 
* As in Table I. 
t As in Table I. 
It seemed unnecessary to make the calculations for all of Simms' 
data.  Those  chosen from his  Tables  III  and  V  include  the  lowest 
and  the  highest  total  ionic  concentration  for each  concentration  of 
MgC12 and, in addition, all of the experiments with the smallest con- 
centrations  of  MgC12  but  with  increasing  amount  of  NaC1.  The 
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the pH for purpose of identification.  Succeeding columns give suc- 
[Mg  ++]  [C~O,-] 
cessive approximations  to  the  value of  K  =  [MgOx]  and 
the final column gives the revised value of x/u. 
It will be seen that the value of K  increases quite regularly with 
increasing ionic strength and that this change occurs to the same ex- 
tent in  MgC12 solution as in NaC1.  With the highest concentration 
of MgC12 the addition of NaC1 seems to have less  effect upon  the 
value of K than it does when less MgC12 is present.  Thus, at/~ =  1.00 
the value of K is 24.1, when the total Mg is 4.18 miUimolar, 12.0 when 
it is 41.7,  and 8.9 when it  is  83.3.  However,  it  must  not  be  for- 
gotten that the calculation in the first instance is based upon a very 
small difference between B' and Y, only 0.034 m.eq. 
In this instance, small changes in the value of the dissociation con- 
stants of oxalic acid have a great effect upon the values of B'-b' and 
of K.  For  instance, decreasing the  negative logarithm  of the first 
dissociation constant by 0.02  and increasing that of the second by 
0.02,  would change B'-b' to 0.048  m.eq.  and decrease K  to  15.5  X 
10  -3.  A similar change applied to the data obtained with the mixture 
containing 83.3  m.eq. MgC12 would change the value of the first ap- 
proximation to K  only slightly, from 11.4  ×  10  -3 to 10.8  X  10-3.1 
Extrapolation of the figures given in the tables indicates that the 
value of the dissociation constant for MgOx  at ~  =  0  is,  approxi- 
mately, 8 ×  10  -4.  This is only slightly greater than the value, 3.7  × 
10  -4  , calculated by Money and Davies (1932)  from conductivity data. 
SUMMARY 
The action of NaC1 upon the effect of MgC12 upon oxalate buffer 
systems, interpreted by Simms as an instance of antagonism of Na  + 
and Mg  ++, has been shown to be capable of formulation as the effect 
of increasing ionic strength upon  the dissociation  of MgC~.O4 into 
magnesium and oxalate ions. 
t F~ven  in Simms'  tables, the values reported for pKT(pK2) of oxalic acid, at the 
same ionic strength, occasionally  differ by more than 0.01.  For ~/~  = 0.265, the 
values entered in different tables are 3.886, 3.883, 3.859, 3.877. 390  ANTAGONISM  BETWEEN  SODIUM  AND  MAGNESIUM  IONS 
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